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Introduction
Nanostructures formed by block copolymers composed of immiscible blocks have been extensively studied theoretically and experimentally. 1, 2 It is now well established that these block copolymers can phase separate into a variety of organized structures (lamellae, cylinder, double gyroid, spherical etc.) in the solid state, 3 and form a variety of micellar aggregates (spherical and cylindrical micelles, vesicles etc.) when dissolved in a solvent selective for one of the blocks. 4 These materials could find potential applications in various fields of nanotechnology, such as nano softlithography, nanoreactors and drug delivery systems. 5 These applications require, however, that these materials possess additional properties beyond those inherent to their intrinsic nanostructures. Perfect periodic nanodomain ordering is necessary, for example, for nano soft-lithography, while response to stimuli is desirable for nanoreactors and drug delivery systems.
In the past decade, electric fields, 6 temperature gradients, 7 directional solidification, 8 modification of substrate surfaces, 9 shearing, 10 solvent evaporation, 11 and roll casting 12 These responses should help achieve nanostructure control. Liquid crystalline (LC) rod-coil block copolymers are good candidates because they respond to multiple stimuli including electric and magnetic fields, temperature and light (if the mesogen is a chromophore). LC rod-coil block copolymers exhibit hierarchical order in the solid state: microphase segregation in the block copolymer may occur on the 10-100 nm length scale, while LC ordering is observed on the length scale of mesogen (typically 2-4 nm). These two levels of order, in the block copolymer and liquid crystalline mesophases, interplay with each other. 13, 14, 15 Noncontacted and remote approaches, such as magnetic fields 16, 17, 18 and light, 19, 20 have recently been used to align the nanostructures of LC block copolymers.
When the coil block is hydrophilic, an amphiphilic LC rod-coil block copolymer results representing a new class of amphiphilic copolymers. As a part of our endeavour to develop well-defined and stimuli-responsive nanostructures made from LC block copolymers, we report in this paper the synthesis and characterization of a series of amphiphilic LC block copolymers, in which the hydrophobic block is a smectic polymer and the hydrophilic block is polyethyleneglycol (PEG). The self-assembly of one of the LC block copolymers in the pure state and in dilute aqueous solution was then investigated in detail. A well aligned cylindrical nanostructure was obtained in the solid state using a magnetic field to induce orientation in the LC block. In water, faceted unilamellar polymer vesicles (polymersomes) with smectic order in the lyotropic bilayer were formed. 
Experimental

Synthesis of the LC monomer and homopolymer
The LC acrylate monomer, 4'-methoxyphenyl 4-(6''-(acryloyloxy)hexyloxy)benzoate (A6ester1) was synthesized from 4-hydroxybenzoic acid by a three-step procedure as described in reference. 27 The monomer A6ester1, purified by recrystallization from ethanol (5 times), was obtained as white crystals ready for polymerization. 1 
Synthesis of block copolymers PEG-b-smectic polymer
The synthesis of the macroinitiator MPEG2000-Br (I) was first carried out as previously described. Table 1 ). For a typical synthesis of copolymer CP3 (Table 1) , 597.7 mg monomer A6ester1 (1.5 mmol) and 213.5 mg MPEG2000-Br (0.1 mmol)
were polymerized according to the procedure described above, yielding 578.7 mg diblock copolymer (71.4% 
Physical characterization
The mesomorphic properties of the diblock copolymers in bulk were studied by thermal polarizing optical microscopy (POM) using a Leitz
Ortholux microscope equipped with a Mettler FP82 hot stage, and differential scanning calorimetry using a Perkin-Elmer DSC7.
The self-assembled phases of the diblock copolymers in solid state were studied by X-ray scattering using CuK α radiation (λ = 1.54 Å) from a 1. from the isotropic phase (T = 85°C) to smectic phase (T = 40°C) in a magnetic field of 1.7 T. The magnetic field (H) was perpendicular to the long axis of the capillary containing the block copolymers. WAXS experiments on aligned samples were then made in-situ in the smectic phase (40°C), followed by SAXS experiments on the same sample cooled to room temperature. The X-ray was transverse to the plane formed by the magnetic field (H) and the capillary axis.
The preparation of polymer vesicles and the turbidity measurements were performed according to published procedures. 21 The diblock copolymers were first dissolved in dioxane, which is a good solvent for both polymer blocks, at a concentration of 1.0 wt%. Deionized water was then added very slowly to the solution (2-3 µL of water per minute to 1 mL of polymer solution) under slight shaking. After each addition of water, the solution was left to equilibrate for 10 or more minutes until the optical density was stable.
The optical density (turbidity) was measured at a wavelength of 650 nm using a quartz cell (path length: 2 cm) with a Unicam UV/Vis spectrophotometer. The cycle of water addition, equilibration and turbidity measurement was continued until the turbidity reaches a plateau. The solution was then dialyzed against water for 3 days to remove dioxane using a Spectra/Por regenerated cellulose membrane with a molecular weight cut- Table 1 we summarize the molecular characteristics of the LC homopolymer and block copolymers analysed For the block copolymer sample CP4 the nematic and smectic mesophases seem to be preserved in the LC block, as suggested by the DSC curves where the same number of peaks were detected for CP4 and PA6ester1 (Fig. 2) . The transition domains broaden and transition temperatures drop because of the presence of the amorphous PEG block.
21,26
The will examine this issue using SAXS at larger length scales.
Self-assembly of PEG 45 -b-PA6ester1 20 (CP4) in the pure state
The sample aligned in a magnetic field was then studied by SAXS in another apparatus at room temperature in the absence of any magnetic field.
The diffraction pattern is shown in Fig. 4b . Bragg reflections (I) correspond to the first order of reflections (I) ( In conclusion, our block copolymer with the combination of positive diamagnetic anisotropy and homogeneous anchoring at the IMDS offers a good system for the formation of a long range ordered hexagonal cylindrical nanostructure. In the present study a capillary of 1mm diameter was used as container for block copolymer sample. The magnetic field for alignment was perpendicular to the capillary's long axis. The circular surface geometry of the capillary is not very favourable for the perpendicular alignment of mesogens along the magnetic field. Nevertheless, the orientation of the cylindrical phase and the smectic structure in the LC matrix was still clearly observed even at room temperature. We believe the alignment will be improved further for plane geometry where the block copolymer is in the form of a thin film on a substrate. As shown in Fig. 5 , PEG cylinders are perpendicular to the surface along the magnetic field. If we change the magnetic field such that it is parallel to the surface, we would expect the cylinders to reorient parallel to the surface. This would constitue a magnetic field-triggered alignment of a self-assembled nanostructure. were then analysed by cryo-TEM. Fig. 7 and Fig. 8 show typical cryo-TEM images of nanoparticles of CP4 embedded in ice. They are faceted vesicles with polygonal shapes, some of them exhibiting complex sharp-edge contours in several directions of the space (Fig. 7a) . The vesicles are clearly unilamellar, with diameters ranging from 100 to 800 nm. The measured thickness of the hydrophobic part of the membrane is of order 10 nm. More interestingly, a careful analysis revealed a striped structure in some parts of the membrane (see Fig. 8 and the Fourier transform in the inset). The period measured is p = 2.5 ± 0.1 nm, in good agreement with that of the SmA phase measured in the pure sample of homopolymer and block copolymer CP4. We can conclude that the SmA structure of the PA6ester1 block is preserved in some parts of the vesicle membrane. research. 21 We also observed spheroidal shaped vesicles for them. In the present work, the smectic LC structure of the hydrophobic block could be responsible for the faceted polymer vesicle shape. Work is in progress to 22 study the vesicle shape evolution as a function of temperature (above the SmA-N transition and the N-I transition). Detailed investigations of the membrane structure and the topological defects of vesicles will also be carried out and described in a further paper.
Conclusions
In this paper we describe the synthesis and characterization of a series of amphiphilic LC block copolymers, in which the hydrophobic block is a smectic polymer poly(4-methoxyphenyl 4-(6-acryloyloxy-hexyloxy)-benzoate) (PA6ester1) and the hydrophilic block is polyethyleneglycol (PEG). The focus is on the self-assembly of one of the copolymers, In water, faceted unilamellar vesicles were formed by the copolymer CP4 as revealed by cryo-TEM. This is the first example of faceted shapes observed in polymer vesicles. In the lyotropic bilayer membrane, the thermotropic smectic order in the hydrophobic block is clearly visible in some places. The SmA layer normal is parallel to the membrane surface. 
